The implicit control of emotion processing was investigated by varying encoding instructions for both negative and neutral pictures while measuring psychophysiological responses. Participants made comparative judgments about consecutive pictures for blocks of neutral or negative content. The highly specified judgment task was designed to minimize variance in the implementation of implicit control of processing. Affective modulation of startle amplitude was significantly reduced during judgments involving nonnegative content (how "planned" an image was compared to its predecessor), compared to those that involved negative content (how "frightening" an image was compared to its predecessor), indicating successful implicit control of processing. The more attenuated affect modulation was, the less anxious individuals became during the task, suggesting that the implicit control of emotion processing is significantly associated with emotional experience. These data provide convergent evidence for a companion neuroimaging study because of the similar neural substrates thought to underlie affective modulation of startle. This supports the view that higher-level top-down pathways modulate activation of the amygdala.
The degree of control that individuals have over the processing of information related to negative emotion has been the subject of considerable research interest over recent years (Davidson, Jackson, & Kalin, 2000; Gross, 2001 Gross, , 2002 Ochsner & Gross, 2005) . There is a long history within the psychological literature suggesting that some degree of control of emotion is possible. This dates back to Lazarus' early work in which participants were required to watch evocative filmstrips (e.g., a gruesome workshop accident or a circumcision ritual: Lazarus, 1982; Lazarus & Opton, 1966) . The critical manipulation involved listening to different soundtracks during viewing that encouraged intellectualisation (focusing on the cultural or technical contents) or denial (describing the people as actors who were not experiencing real pain). Both self report and psychophysiological responses were reduced relative to an uninstructed control, providing possibly the first evidence of the influence of top down control on emotional processing.
Since this seminal study, a considerable empirical and theoretical literature has developed around the role of cognitive appraisal in the modulation of emotion (e.g., Gross, 2001 Gross, , 2002 Lazarus & Smith, 1988; Ochsner & Gross, 2005) . Many studies have used explicit requests to participants to control their behavioral or emotional experience. For example, Ochsner and colleagues examined neural activations associated with reappraisal by asking participants to 'interpret photos so that they no longer felt negative in response to them' (Ochsner, Bunge, Gross, & Gabrieli, 2002) . In contrast to simply viewing the pictures, reappraisal reduced both amygdala activation and subjective experience of negative emotion. The same comparison also showed increased activation of prefrontal areas presumably linked to the implementation of reappraisal strategies.
However, the above example, as well as many other studies, lack specificity over how participants implement the regulation of their emotions making interpretation difficult. Participants are generally told what to achieve, rather than how to achieve it. This point is illustrated by the psychophysiological study of Jackson and colleagues (Jackson, Malmstadt, Larson, & Davidson, 2000) in which students were instructed to either suppress or enhance their emotional response to negative pictures. Startle amplitudes were significantly decreased and increased respectively but the authors acknowledge uncertainty concerning exactly what strategies participants used. Possibilities include specific cognitive processes such as appraisal or selective attention as well as changes in alertness, general task engagement, approach/withdrawal behavior or a varying combination of these. Recent studies have started to investigate some of these putative mechanisms of implementing control (e.g., Gross, 2002) .
The Current Study
The objective of the current study was to investigate the degree of control that individuals have over emotional processing and how this influences their emotional experience, while minimizing the potential variance in how this control is executed. Psychophysiological and functional imaging research has used increasingly specific instructions concerning how volitional control should be exerted, while retaining the explicit objective for participants to 'control their emotion.' An even more rigorous and constrained approach is to sacrifice the volitional aspects of control, focusing instead on 'implicit control.' For example, one might use a primary cognitive task where successful performance implicitly requires control of emotional processing. In this study, we chose to investigate the latter phenomenon that we describe as "implicit control" in contrast to 'volitional control,' where participants have explicit knowledge of the experimenter's requirement for them to manipulate emotional experience or behavior. We use the term "implicit" here, not in its strictest conceptual sense involving cognition in the demonstrable absence of awareness, but rather in an operational sense to denote a presumed consequence of our manipulation and one that may or may not have been known to participants.
Several neuroimaging studies have used methods of implicit control, such as specific judgments about the nature or content of task stimuli, to explore modulation of emotion processing (see Mathews, Yiend, & Lawrence, 2004 , for a more extensive review). Consistent with the current hypothesis that the processing of negativity is amenable to top down effects, simply rating the subjective experience of viewing emotional stimuli has shown significant reduction of activation, compared to passive viewing in amygdala and insula (Taylor, Phan, Decker, & Liberzon, 2003) . Emotional discrimination judgments enhance amygdala and other limbic activation compared to neutral judgments, such as age categorization (Gur, Schroeder, Turner, McGrath, Chan, Turetsky, et al., 2002) . Furthermore, areas known to be associated with top down control have been directly linked to modulation of emotion processing by task manipulations in some studies. For example Hariri, Bookheimer, and Mazziotta (2000; see also Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003) found that verbal labeling of facial emotion reduced amygdala response compared to perceptual matching and that this reduction correlated with a simultaneous increase in right prefrontal activation.
Anxiety and Implicit Control
One aspect of our investigation was to examine the relationship between the anxious mood elicited by our stimuli and the implicit control of the processing of those stimuli. There is a long tradition of research (see above) underpinned by the hypothesis that the experience of emotion can be significantly influenced by the manner in which cognitive processes act upon incoming emotion relevant information. Our experiment involved a manipulation designed to influence the manner and extent of this cognitive processing and an objective measure (startle blink response) of the extent to which this was achieved. We therefore hypothesized that participants' success at implementing our manipulation as indexed by startle blink response should be significantly related to their subjective emotional experience of viewing the stimuli. Those who were more successful at processing the nonemotional aspects of negative stimuli and ignoring their emotional content should experience less anxiety as a result of viewing these stimuli. The cumulative effect of this should be captured by related changes in state anxiety across time.
There is a precedent in the recent literature for a specific relationship between individual differences in anxiety (or anxietyrelated phenomena) and the effortful control of cognitive processing. For example better self reported attentional control is associated with less attentional bias toward negative information (Derryberry & Reed, 2002) , enhanced anterior cingulate activation and lower individual levels of anxiety . Furthermore, anxiety-related differences in control form the basis of influential theories in individual differences (Eysenck, Derakshan, Santos, & Calvo, 2007) .
There is good reason to believe that the stimuli used in the present study (International Affective Picture System; have sufficient impact to elicit significant emotional experience (e.g., Lang, Greenwald, Bradley, & Hamm, 1993) . First, the stimuli were developed and standardized on this basis, using normative self-reported ratings of emotional experience in response to passive viewing . Second pictures were selected for use in this study according to these ratings to maximize their subjective emotional impact and included some of the most highly arousing and negatively valenced items. Finally, exposure to such stimuli can result in cumulative effects on mood state that extend beyond the task (Smith, Bradley, & Lang, 2005) . Smith and colleagues showed that blocks of unpleasant pictures produced additive effects on state anxiety as well as physiological correlates (including startle blink response) leading them to suggest that such exposure may be a useful form of short term mood induction (Smith, Bradley, & Lang, 2005) .
Startle Blink Response as a Dependent Measure
Affective modulation of startle was chosen as the main dependent measure because, of all the commonly used psychophysiological variables, startle is known to be the most specifically sensitive to the perception of threat (e.g., Stanley & Knight, 2004) . It can serve as a continuous measure of the amplitude of a negative emotional context and is a well studied phenomenon in its own right (see Blumenthal, Cuthbert, Fillon, Hackley, Lipp, & van Boxtel, 2005; Cacioppo, Tassinary, & Berntson, 2007) . This makes it ideally suited to quantifying the success of implementing instructions to increase or decrease the processing of emotional aspects of a stimulus.
Startle blink responses are reflexes produced by a series of involuntary eye muscle movements, in response to a trigger such as a sudden loud noise. Although reflexes are commonly considered invariant, modulation by contextual factors has long been known (Bowditch & Warren, 1890) . Startle can be affected by stimuli (so called "lead" stimuli) presented before, during and after the startle eliciting stimulus itself (Dawson, Schell, & Bohmelt, 1999) . Affective modulation of startle refers to the robust finding that startle response is significantly augmented in the presence of negative stimuli, such as threatening pictures . This can be distinguished from fear-potentiated startle, which usually refers to a similar augmentation elicited specifically during fear conditioning. One of the earliest examples of affective modulation was Vrana, Spence, and Lang's (1988) seminal study, in which viewing unpleasant pictures elicited significantly larger startle responses (and pleasant pictures smaller) than viewing neutral pictures. This has been confirmed by the subsequent corpus of literature on affective modulation of startle (e.g., Dawson, Schell, & Bohmelt, 1999; Grillon & Baas, 2003) .
A Conceptual Replication
A further reason for choosing affective modulation of startle as our dependent measure was its suitability to provide a conceptual replication for some key findings reported by Mathews et al. (2004) . We conducted a neuroimaging study comparing emotional and neutral judgments made about pictures varying in negative content. Findings suggested that amygdala activations typically associated with uninstructed viewing of negative pictures were significantly reduced when judgments about nonemotional aspects of these pictures were required. This suggested that task instructions to direct processing toward nonemotional content were successfully implemented. Prefrontal areas and cingulate cortex also showed significantly increased activations in this contrast, consistent with increased levels of "top down" control. Here we used a near-identical judgment task that remained clearly specified, allowing a high degree of experimental precision about processing undertaken. Specifically, we sought to validate these previous findings using an independent measure, affective modulation of the eyeblink startle response.
The neural pathways involved in affective modulation of startle are thought to map very closely onto those implicated in the data we sought to replicate . Animal work points to three sets of neurones comprising startle circuitry with one of these, the nucleus reticularis pontalis caudalis, receiving excitatory projections from nuclei in the amygdala (Lee & Davis, 1997) . Lesion studies suggest these projections may be essential for fear potentiation (Shi & Davis, 2001) . Work in humans suggests similarities with the animal literature and points to analogous brain areas, especially the amygdala, involved in human fear-potentiated and affectively modulated startle (e.g., Angrilli, Mauri, Palomba, Flor, Birbaumer, Sartori, et al., 1996; Funayama, Grillon, Davis, & Phelps, 2001; Pissiota, Frans, Michelgard, Appel, Langstrom, Flaten, et al., 2003) . Taken together this work suggests that affective modulation of startle could serve as an appropriate additional indicator of amygdala modulation, allowing comparison with our fMRI data .
Summary and Hypotheses
The present experiment examined whether processing of negative material could be implicitly controlled by asking participants to alter the way in which emotional and neutral material was encoded and measuring contingent changes in the degree of affective modulation of startle. The task involved making either emotional (how frightening/how pleasant) or nonemotional (how planned/arranged) comparisons between consecutive pictures for sets of neutral and negative images. The 'one-back' task required comparisons between the currently viewed and the immediately preceding picture. This design feature was intended to produce a heavy working memory load, to constrain the extent of noninstructed additional processing undertaken.
1 Any effects should therefore be relatively unambiguously attributable to the specific processing required by the task.
Our first prediction, based on previous findings, was that processing of negative material would be amenable to implicit topdown control, by means of instructed encoding. This was assessed in two ways, first by the direct contrast in startle amplitude to negative pictures under emotional (i.e., judgments of "how frightening") and nonemotional (i.e., judgments of "how planned") encoding conditions. Second, measures of affective modulation were obtained by subtracting the amplitude of startle while processing neutral pictures from that while processing negative pictures within each type of instruction. Implicit top-down control would be indicated if affective modulation were significantly greater under emotional encoding conditions ("how pleasant" for neutral pictures/"how frightening" for negative pictures) compared to nonemotional encoding ("how planned").
Our second prediction was that greater success at implicitly controlling encoding would be associated with smaller increases in anxious mood because of the relatively reduced processing of negative information. This was assessed by correlations between mood change across the task and the indices described above of implicit top-down control.
Method

Design
The within-participant design comprised two encoding conditions, emotional and nonemotional crossed with two picture types, negative and neutral. The task required participants to make categorical decisions (Yes/No) according to how each picture compared with the previous one. Participants made the same comparison over blocks of eight consecutive pictures, before switching to a different comparison in a counterbalanced block design. In the nonemotional encoding condition participants were asked to assess each picture according to whether it was 'more planned or arranged by the photographer' compared to the previous picture. In the emotional encoding condition participants categorized either whether the picture was "more pleasant" (neutral picture blocks) or "more frightening" (negative picture blocks) than the previous one. Short bursts of white noise acted as the startle probes. These were delivered according to a pseudo-randomized schedule at one of three possible time points during picture viewing and allowed us to assess the effects of type of encoding on the startle response. Figure 1 illustrates a typical experimental block.
Participants
One hundred and forty individuals from the Medical Research Council Cognition and Brain Sciences Unit's volunteer panel were invited to participate. In accordance with local ethical requirements, letters of approach were sent requesting return of reply slips authorizing further contact. Exclusion criteria, were participation in similar studies, history of brain damage, current psychotropic medication use or treatment for psychiatric illness. Eligibility was ascertained through panel records and telephone screening conducted by a trained researcher (BW) before participation. Of eligible respondents, 31 agreed to participate but data from 12 were excluded as incomplete: one because of distress during the session and the rest because of either absent (5) or rapidly attenuating (6) startle responses. The final sample of 19 comprised 14 female and 5 male (mean age 32, SD 11.6). Mean trait anxiety level was 35.4 (SD 9.1) and state anxiety level 34.2 (SD 9.2) measured by the Spielberger state-trait anxiety questionnaire (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) .
Materials and Equipment
Pictures (64) were selected from the International Affective Picture System 2 based on the normative ratings provided and comprised 32 with negative ratings and content and 32 neutral. The content of pictures in both sets was individually matched for nonemotional content. For example, a picture of a large snarling dog was matched with another of a docile-looking dog, and a picture of an assault in progress (a man attacking a woman) was matched with a picture of a relaxed couple (man and woman). Negative and neutral stimuli were each divided into four sets of eight pictures, to yield two picture sets per encoding condition (nonemotional, emotional) for each valence (neutral, negative). Picture sets were randomly assigned to encoding condition automatically by the task presentation software. Within each set pictures for encoding were presented randomly and each picture was shown twice during the experiment.
Startle probes were 50 millisecond bursts of white noise, delivered at various delays and generated by MEL v.2.0 software (Schneider, 1988) in conjunction with an amplifier and were presented to subjects through headphones. The amplitude of the noise was set to 105 dB and confirmed using an oscilloscope. Reflex responses of the orbicularis oculi muscle to the probes were measured using two 4 mm Ag/Cl electrodes placed 1 cm apart on cleansed and abraded skin below the right eyelid (Tassinary & Etc. Figure 1 . Depiction of trial events during a typical emotional encoding block (in this case negative) of eight trials. Each block contained a total of three startle probes. Cacioppo, 2000) . Skin conductance and heart rate were also recorded using standard psychophysiological recording electrodes; however, as no significant results were found on these measures we do not report these data further. A BIOPAC MP100 system (BIOPAC Systems) was used to acquire the physiological data at a sampling rate of 1,000 Hz, using an online passband of 10 to 1,000 Hz (Tassinary & Cacioppo, 2000) . Trial event data was collected digitally using the same system. Acqknowledge 3.71 software (BIOPAC Systems) was used to record and store all data for further offline analysis. Startle amplitude was calculated, conditional on the presence of an onset, as the mean amplitude within a 20 to 150 milliseconds window after probe onset (Tassinary & Cacioppo, 2000) . Startle onset was defined by an algorithm based on the occurrence of a series of successive increments above a rolling 20-ms baseline.
Procedure
Participants were exposed to sample stimuli and probes before signing consent and undertook a screening practice task (free viewing of stimuli with three unpredictable probes) to confirm appropriate amplitudes of startle responding and allow habituation. Following a further practice for the encoding task (see below), participants completed state and trait versions of the Spielberger state-trait anxiety questionnaire (STAI-T and STAI-S; Spielberger et al., 1983) .
There were four experimental conditions: picture type, 2 (negative, neutral) ϫ encoding type (emotional, nonemotional). Each condition was presented in blocks of eight trials of the same type (see Figure 1 ). Blocks were repeated four times per experimental condition, giving 16 blocks in total. Thus there were 128 trials overall (16 blocks ϫ 8 trials per block), 32 for each experimental condition. The order of presentation of blocks used one of six pseudorandom schedules counterbalanced across participants. Each schedule was generated by random ordering the four experimental conditions and repeating that order four times to generate 16 blocks.
During a practice phase, the judgments required were explained in detail and practiced. For the nonemotional comparisons it was explained that participants should consider how much prior thought and preparation the photographer had given to the arrangement and composition of the picture versus how much the picture was a spontaneous, spur of the moment shot. For the emotional comparisons participants were asked to imagine and rate how they would feel if they were involved in the scene depicted. Following practice, one-line versions of these task instructions were presented at the outset of each block. In the neutral encoding blocks (negative and neutral pictures) the sentence read 'Is this picture more planned than the previous one?' and in the emotional encoding blocks 'Is this picture more frightening/pleasant than the previous one?' For all judgments participants had to make a yes/no decision. Between individual trials participants saw a reminder corresponding to the relevant encoding block: 'more planned?' or 'more frightening?' Participants were instructed not to respond to the first image of each block, as no comparison could be made. Figure 1 illustrates a typical block.
Individual trials consisted of a fixed 6-s picture display, followed by a 4-s response window plus prompt. Startle probes occurred at one of three possible durations after picture onset: 2, 3, or 4 seconds. Probes were delivered according to a fixed randomized schedule such that each block of eight trials contained three probes, one at each delay. Thus, in each experimental condition there were a total of 12 probes. On average probes occurred on every other trial (approximately 20 seconds between probes, depending on time taken to make ratings) This ranged from consecutive trials (probes approximately 10 seconds apart) to two trials (approximately 30 seconds apart). Finally, participants were asked to remove the electrodes and complete a further STAI-state and a STAI-trait questionnaire before being debriefed and paid. Each session took around 1.5 hours to complete and participants were paid at a standard rate of £5/hour plus travel expenses.
Results
Stimuli Ratings
The four stimuli sets were matched using the normative data supplied with IAPS. For neutral sets mean valence ratings (scale ϭ 9 positive to 1 negative) ranged from 5.6 to 5.8 and did not differ significantly (F Ͻ 1). Similarly, emotional sets were matched on valence (F Ͻ 1) with means ranging from 2.5 to 3.3. Mean levels of arousal in emotional sets averaged 5.9 to 6.6, F(5, 47) ϭ 1.3, ns, and in neutral sets 3.6 to 4.1 (F Ͻ 1).
Startle Amplitude 3
Startle response data were positively skewed therefore medians of the 12 raw data points per participant per condition were used in analyses. 4 Values reported in the text are therefore across participant means of within participant medians. Data was extracted from Acqknowledge 3.71 raw data files using a custom designed software program. Trials with eyeblinks occurring immediately (Ͻ150 milliseconds) before the probe were automatically excluded by the software. Amplitude data was rectified automatically by the software before analysis.
A 2 ϫ 2 repeated measures ANOVA was performed, with two within subjects factors, Picture (negative, neutral) and Encoding (neutral encoding, emotional encoding). 5 There was a main effect of Picture, F(1, 18) ϭ 6.74, p Ͻ .05, 2 ϭ .27, showing greater startle amplitude during presentation of emotional than benign pictures (0.210, SD ϭ .022 vs. 0.204, SD ϭ .016). A trend toward an effect of Encoding, F(1, 18) ϭ 3.94, p Ͻ .07, 2 ϭ .18, suggested that "emotional" encoding (i.e., how pleasant or how frightening) led to greater startle amplitudes (0.210, SD ϭ .023) than planned encoding (i.e., how planned or arranged by the photographer; 0.205, SD ϭ .015). However, both of these were qualified by a significant Picture ϫ Encoding interation, F(1, 3 Startle latencies were also measured but showed no significant results and are therefore not reported. 4 Medians were chosen in preference to outlier removal because of the limited number of observations per condition (12). The analyses described here but using means showed the pattern of data remained the same.
5 Our design did not allow sufficient observations to perform a meaningful analysis according to probe SOA (2, 3, 4 seconds). Our purpose in choosing a range of SOAs was simply to avoid participants developing expectancies about probe onset. Bradley et al., (1993 Bradley et al., ( , 1996 suggest that any SOA between 500 and 5,000 milliseconds can be expected to reliably produce affective modulation of startle with IAPS lead stimuli. 18) ϭ 14.02, p ϭ .001, 2 ϭ .42. Table 1 shows the means and standard deviations for each condition.
Bonferroni-corrected follow up t tests indicated that changing the judgments made about negative pictures from neutral ones (how planned) to emotional ones (how frightening) significantly increased startle amplitude, t(18) ϭ 2.95, p Ͻ .01. This contrast assessed the efficacy of implicit control of emotion processing by contrasting type of encoding, while holding picture type (negative) constant. The significant difference suggests that startle response was influenced by selective processing of different picture attributes, consistent with our hypothesis and with previous imaging data. Furthermore, when instructions were intended to direct processing toward nonemotional aspects of negative pictures, then startle amplitude did not differ significantly from that produced for neutral pictures, ps Ͼ .5, suggesting implicit control of processing was sufficient to allow negative content to be responded to as if it were neutral. Startle amplitude was also significantly greater for emotional judgments of negative pictures than pleasantness judgments of neutral pictures, t(18) ϭ 3.34, p Ͻ .005, suggesting that making emotional judgments per se could not account for these differences.
As a direct test of our hypotheses, indices of affective modulation were calculated by subtracting startle amplitude in response to neutral pictures from that for negative pictures for each encoding condition separately. As shown in Figure 2 , affective potentiation was significantly greater during emotional encoding (0.0104, SD ϭ .0136) than during nonemotional encoding (0.0009 SD ϭ .0076), t(18) ϭ 3.74, p ϭ .001. Thus, as predicted, the degree of affective modulation of startle varied according to instructions, being significantly reduced when processing material nonemotionally, compared to processing the emotional valence.
Relationship Between Anxiety and Implicit Control of Emotion Processing
The relationship between anxiety and startle in the ability to implicitly control the processing of negative material was examined using Spearman's correlations because data were nonnormally distributed. Two related indices of the modulation of startle blink response were used, one reflecting changes in absolute blink response to negative pictures when encoding instructions were manipulated and the other reflecting changes in affective modulation of response under the same manipulation. We examined change in state anxiety across the task calculated by subtracting STAI-state scores taken immediately after picture viewing (Time 2 anxiety level) from STAI-state scores taken immediately before (Time 1 anxiety level; this was taken after the extensive practice session, see Procedure). Thus, a negative change value indicated increase in anxiety.
The first index of implicit control was the difference in startle response to negative pictures because of encoding (i.e., emotional minus nonemotional encoding for negative pictures). Larger values of this index were taken to indicate more successful implicit control over how negative pictures were encoded. There was a significant negative correlation between this index and change in state anxiety across the session, r s ϭ Ϫ.43, p ϭ .032, suggesting that greater implicit control over encoding was associated with less anxiety increase during testing. The scatterplot is shown in Figure 3(a) .
The second index of implicit control was the difference in affective modulation of startle amplitude between different encoding types. This was calculated by subtracting the size of affect potentiation during nonemotional encoding (negative-neutral pictures with "planned" instruction) from the size during emotional encoding (negative-neutral pictures with emotional instruction: frightening or pleasant). The greater this index, the more successful the implementation of encoding instructions, whether emotional or nonemotional. This index was significantly correlated with change in state anxiety across testing, r s ϭ Ϫ.43, p ϭ .032, suggesting the more affective potentiation was successfully modulated by instructions, the less anxiety increased during testing. The scatterplot is shown in Figure  3 (b). There was no overall mean difference in anxiety level pre-to posttesting (34.16, SD ϭ 9.2; 34.5, SD ϭ 10.8, respectively), and inspection of scatterplots confirms both increases and decreases in anxiety level across the session.
Thus, both indices of implicit emotional control showed significant negative correlations with change in state anxiety. Anxiety increased more in those participants who had less implicit control over encoding; that is, those who could not prevent responding to pictures emotionally even when instructed to encode them in a nonemotional manner. Conversely, those who implicitly controlled encoding most successfully (as indexed by their ability to modulate startle responses) also increased least in anxious mood. Taken together these results suggest that the ability to implicitly control the encoding of emotional material is a critical factor in the experience of emotional response to such material. Pretest state anxiety levels (i.e., Time 1 score alone) did not correlate with the above index of state anxiety change ( p ϭ .17), nor with either index of control ( ps ϭ 0.26, 0.57, for amplitude change index and affective modulation index, respectively). Trait anxiety showed no significant correlations with these indices of implicit control (r s s Ͻ .2, ps Ͼ .3), unsurprisingly given that the sample was not preselected and therefore had a restricted range of trait scores (35.4, SD ϭ 9.1). Neither were there any significant correlations with state anxiety level immediately before the study (r s s Ͻ .3, ps Ͼ .1).
Discussion
The present study used the affective modulation of startle response to index the extent to which participants could successfully implement instructions to encode material in either emotional or nonemotional ways. We found convincing evidence that participants could alter their processing of emotional information as instructed because there a. Change in startle amplitude to negative pictures due to instructed encoding ('frightening' minus 'planned') R 2 = 0.36
Change in affective potentiation of startle (negative -neutral lead stimuli) due to instructed encoding (emotional minus nonemotional) was a significant reduction in startle response to identical negative pictures when the task required nonemotional rather than emotional content to be processed. We take this as evidence of implicit control of emotion processing, while acknowledging that there may be important differences between this and more explicit requests for volitional control, that future work would need to address. Implicit control was also evidenced by significantly reduced affective potentiation of startle during nonemotional encoding. Given the precision of our experimental task, it seems likely that successful implicit control was implemented by selectively attending to either the emotional or nonemotional aspects of picture content. Between-participants variance in how control is implemented may account for some of the inconsistencies in earlier studies and it will be important for future work to continue tightening the specification of the experimental methods used to investigate control, be it implicit or explicit. These data can be considered with reference to Lang and colleagues' motivational priming account of affective modulation of startle (e.g., Lang, Bradley & Cuthbert, 1997) . In this account, the startle reflex is potentiated and inhibited by aversive and appetitive states, respectively, which themselves are induced by picture viewing. The present data suggest that wider motivationally significant factors, such as participants' compliance with task demands may also influence affective modulation of startle blink response. It is clear from the analyses assessing implicit control by varying emotional encoding that the manipulation of processing toward or away from emotional content significantly alters the affective modulation of startle. In the first index of implicit control (emotional vs. neutral encoding for negative pictures) the emotional content was identical and only the instruction to attend toward or away from emotional contents varied. That this produced changes in affective modulation suggests top down processing strategies are an important variable in affective modulation of startle.
The present data showed little evidence for significant modulating effects of stimulus valence when stimulus processing was directed to nonemotional aspects of the material (negative vs. neutral pictures compared on a nonemotional dimension). Although this finding potentially contradicts a strong version of the motivational priming account, such an interpretation would be premature. These data would need to be replicated in the presence of a suitable control condition before ruling out effects of valence, independent of selective attention. Indeed the significant association between less suppression of affective modulation and increases in state anxiety suggests that processing of emotional valence per se plays a central role in affective modulation of startle, along the lines proposed by the motivational priming account. As Lang et al. (1997) point out, if emotional circuitry is activated, as the amygdala clearly is during unpleasant picture viewing, then reflexes, such as startle, known to be linked to these pathways will inevitably be affected during the processing of such stimuli. The current data suggest that top-down pathways can act to reduce such emotional modulation, and also that affective modulation involves sufficient processing of emotion to lead to congruent changes in state anxiety.
Our data provide convergent evidence for some of the findings of Mathews et al. (2004) . In our functional neuroimaging study, the extent to which neural activations associated with negative material were controlled was investigated using an identical one-back rating task. Effects of top down control were assessed by contrasting type of encoding (how frightening-how planned) during viewing of negative stimuli: differential activation patterns were presumed to reflect the success of controlled encoding mechanisms at increasing and decreasing the extent of emotional processing of the negative information. Results showed significant differential activations in areas including the amygdala, hippocampus, visual cortex, rostral anterior cingulated, and pulvinar. This suggested that although the stimulus information remained objectively negative, participants could alter the degree to which they encoded this information. Based on these results it was concluded that optional encoding processes can significantly modulate the extent of negative processing.
We now have convergent evidence from the current study using physiological measures with the same paradigm suggesting that responses to negative stimuli are amenable to implicit top-down control. This presumably reflects the modulatory action of higher cortical areas associated with implicit control on the level of activation of the amygdala. Furthermore, because of the relatively precise instructional manipulation used in both studies we can be reasonably confident about the manner in which this control is exerted. Participants were presumably able to focus processing resources on or away from the emotional elements of the stimuli by performing the respective judgment tasks required of them.
Because the hemodynamic response, upon which neuroimaging data depends, is a relatively delayed and indirect measure of neural activation it remains important to validate findings using different techniques. The neural circuitry underlying fear-potentiated startle in rats is known to involve amygdala modulation (Shi & Davis, 2001) , thus, affect modulated startle in humans provides a second indirect measure of amygdala modulation. Thus, taken together, the data from both studies increase our confidence in the conclusion that the processing of negative stimuli by the amygdala can be modulated by optional encoding processes and is thereby amenable to implicit control.
Changes in self-reported anxiety across the session negatively correlated with successful implementation of implicit control of emotion processing. The larger the difference in startle amplitude because of the encoding manipulation (whether for negative pictures alone or affective modulation of startle) the smaller the increase (or larger the decrease) in state anxiety. Thus, the more this reflex could be successfully implicitly controlled the less negative was the subjective experience of the material overall. This suggests that the implicit control of emotional processing can confer beneficial effects for transient mood in the face of negative environmental stimuli. It is tempting to conclude that anxiety change was driven by the nature of the encoding, given that anxiety change occurred after encoding had taken place. However, it is possible that the stimuli used were more salient for some individuals, thus more successful in eliciting anxiety and more difficult to encode nonemotionally.
It is notable that the degree of anxiety change in many participants was large, although in line with what might typically be expected in response to laboratory stressors. This could indicate that the way in which emotional material is encoded can have a powerful influence on mood, but it will be important to validate this with further replication. One way to do this would be to directly compare the mood effects of individual types of encoding, where even stronger effects might be predicted. These results were also necessarily limited because we did not preselect on any relevant trait dimension. Nevertheless taken together with the data from Mathews et al. (2004) there are clear indications that reduced control over emotional processing is associated with greater susceptibility to anxiety-related effects in general, whether transient or longer lasting and these findings warrant replication and extension. It has been suggested that the utility of the startle methodology has yet to be fully exploited in subclinical and clinical populations (Grillon & Baas, 2003) and we would concur with this view. It would be particularly instructive to use the present methodology to explore the limits of the relationship between implicit control of emotional processing and anxiety. It has been suggested that breakdown of such control represents the onset of clinical disorder (Mathews, 2004) , which is certainly consistent with the limited evidence presented here and would be a topic readily amenable to testing using similar psychophysiological techniques.
The findings presented here can be understood within the model proposed by Mathews and Mackintosh (1998) . This suggests that stimulus information is represented in a competitive activation network. A threat evaluation system enhances the activation of any items recognized as potentially threatening thereby increasing automatic selective attention and processing resources devoted to such items. This provides the basis for accounting for selective attentional effects toward emotionally salient information, and the affective modulation of startle can be seen as a physiological manifestation of this. Although most models of emotional information processing can account for these basic effects, few take account of the possible top-down effects on emotional processing. Mathews and Mackintosh's (1998) model does this explicitly via an effortful "task demand" process that can enhance the activation of any item. Within this framework the emotional (activated by "frightening"/"pleasant" comparison) and nonemotional ("planned" comparison) aspects of the stimuli would constitute separate representations upon which the task demand unit would operate according to instructions, leading to changes in the "natural" (noncontrolled) output of the system. Importantly this model also accounts for individual differences in responsivity to threat, in that the threshold for threat evaluation is proposed to be lower for those with elevated anxiety levels. The correlational data suggests that there may also be similar individual differences in the effectiveness or functioning of the task demand process itself.
There are limitations to the present study that could be constructively addressed by future work. First, our data need replication. This is a particularly important issue where dependent measures involve complex data extraction procedures that can be prone to artifacts. In the case of startle blink response parameters such as sampling rate and bandpass can introduce artifacts such as aliasing (see Blumenthal et al., 2005) . Furthermore, we only considered one implicit form of control, namely instructed comparisons (frightening vs. planned). Requesting participants to intentionally implement instructions for controlling aspects of emotion processing and experience is arguably more ecologically valid. On the other hand, the benefits of using a very tightly controlled manipulation such as this include certainty and precision about the mechanism whereby effective implicit control is elicited. It would be instructive for future work to examine additional types of encoding task, both implicitly and explicitly instructed, to compare their effectiveness in influencing emotional sequelae. In addition, such studies should include checks of awareness within implicit conditions to assess participants' understanding of the manipulation. Another important question for future work will be to develop similar tests of what aspects of emotion processing, if any, are obligatory as well as controllable.
A further limitation of these data is the inherent problem of matching for task difficulty across type of encoding instruction. It is possible that making judgments about how planned or prearranged an image is could be significantly more difficult than deciding how frightening something is. We attempted to mitigate against this in two ways, first by giving participants an extended period of practice in making the judgments and second by measuring reaction times to do so. Reaction times to make emotional or nonemotional judgments showed no evidence of any difference. 6 In addition, had differences in difficulty between types of encoding affected startle amplitude, as some studies suggest it can (Neumann, Lipp, & McHugh, 2004 ), then we would have expected to see such an effect across differently encoded neutral stimuli, and this was not apparent. Nevertheless, future study designs need to take account of this potential confound.
In summary, we have shown that processing of negative information can be implicitly controlled using specific instructions to process either emotional or nonemotional elements of stimulus material. Using a highly specified experimental task, we removed as much ambiguity as possible about how participants were implementing implicit control strategies. Future work should investigate whether other, wellspecified strategies are more or less effective in controlling emotion processing. We have reported psychophysiological evidence convergent with recent neuroimaging data further supporting the ability of top down control pathways to modulate activation of the amygdala. The successful implementation of this implicit control proved to be a modulator of individuals' emotional response to the material, and this is likely to be an important area for further work both in healthy and emotionally disordered individuals.
